5-Enolpyruvylshikimate-3-phosphate synthase: determination of the protonation state of active site residues by the semiempirical method.
EPSP synthase (EPSPS) catalyzes the addition of shikimate-3-phosphate (S3P) and phosphoenolpyruvate (PEP) to form a tetrahedral intermediate (TI) that is converted to 5-enolpyruvylshikimate-3-phosphate (EPSP) and inorganic phosphate. A semiempirical molecular modeling study of the EPSPS active site containing the TI was implemented for the assignment of the protonation states of four basic residues, Lys22, Lys340, His385, and Lys411, based on the evaluation of 16 different protonation states and comparison of the resulting energy minimized heavy atoms coordinates with available X-ray crystallographic data of the D313A mutant of EPSPS. The results, employing both gas phase and continuum solvent models, are indicative that after the TI formation the histidine residue is most probably in neutral form (N(epsilon)-protonated) and the lysine residues are in protonated form, which suggests that none of the presently proposed assignments of aminoacid residues involved in the reaction mechanism could be completely correct. The protonated state of Lys22 in the presence of the TI supports the proposal that this residue is a general acid catalyst for TI breakdown. Modeling of the native enzyme active site suggests that Asp313 residue has only minor effects on the definition of the TI position inside the active site. Hydrogen-bonds distances suggest that, in order to act as a base, Asp313 needs the intermediacy of a hydroxyl group of the TI for effecting the attack on the TI methyl group in the elimination step leading to EPSP, as suggested previously in the literature.